Although induced proximity through the use of heterwas similar for all four groups-in each case the target ologous dimerization domains can lead to caspase acticaspase was fused with a heterologous dimerization vation, it may not be an accurate reflection of how the domain (Figure 2 ). The Alnemri group used the mouse initiator caspases are activated under physiological conIgG-Fc portion while the other three laboratories all emditions. The experimental observations supporting the ployed tandem FK506 binding domains (FKBPs), which Induced Proximity model were based on an artificially bind to the dimeric ligand FK1012 and hence bring toengineered system, in which the caspases were nonnagether the tethered caspases. As all four groups demontive hybrid proteins and undergo nonspecific oligomerstrated, the target caspases were processed upon inization. In this context it is worth noting that caspases duced oligomerization.
are easily autoactivated when overexpressed in bacteria. The use of the heterologous dimerization domains significantly increases the local concentrations of caspases, thus allowing them to be autoactivated at considerably lower expression levels in mammalian cells. These experiments performed in mammalian cells are thus analogous to bacterial overexpression. Similar to the initiator caspases, effector caspases can also be autoactivated when overexpressed in bacteria, likely through Induced Proximity; yet in mammalian cells they although it elegantly summarizes a number of observa-tions, the larger issue is that at a mechanistic level, lecular assemblies with an odd number of symmetry promote the dimerization of bound caspases. the Induced Proximity model does not explain how the initiator caspases are activated.
The 27 Å structure of the apoptosome reveals its general architecture but not the mechanism for the activaDimerization-Driven Activation? An essential feature of cellular biochemistry is the strintion of caspase-9 (Acehan et al., 2002). In the absence of a high-resolution structure of the caspase-9/apogent specificity that guarantees the faithful execution of a biological process. However, the key experiments ptosome complex, the only way to examine the dimerization-driven activation model is to perform robust biothat led to the proposition of the Induced Proximity model did not factor in specificity-the specific proteinchemical analyses. If homodimerization is indeed the mechanism responsible for caspase-9 activation, then protein interactions that are required for the precise positioning and activation of the initiator caspases (Macthe activity of the homodimeric caspase-9 should be the same as that of caspase-9 bound to the apoptoCorkle et al. One important piece of supporting evidence for the pase-9. The high local concentrations of caspase-9 within this apoptosome promote the efficient recruitproximity-induced dimerization model was the observation that caspase-9 existed in an equilibrium between ment of additional inactive caspase-9 monomers, which become activated upon binding. This model is a refinea major fraction of monomers and a minor fraction of homodimers as judged from a gel filtration analysis (Rement of the proximity-induced dimerization model. An explicit assumption of this model is that high local connatus et al., 2001). Interestingly, fractions corresponding to the homodimers from gel filtration exhibited a robust centrations of caspase-9 monomers within the apoptosome should favor dimerization with additional monocatalytic activity in an in vitro assay while the monomers were largely inactive (Renatus et al., 2001) . However, it mers in solution. However, this assumption may not be valid as the increased local concentration is at the is unclear why the diluted homodimers of caspase-9 did not dissociate into the inactive monomers after gel expense of a proportionally decreased concentration elsewhere. Alternatively, as is usually the case in biolfiltration or why the more concentrated caspase-9 monomers did not form the active homodimers. One ogy, the high local concentrations of caspase-9 monomer within the apoptosome may drive the internal dimerpossible explanation is that the monomers and the homodimers of caspase-9 may undergo an extremely slow ization of caspase-9, hence resulting in its activation ( Figure 3B , Scenario II). exchange, resulting in the kinetic trapping of caspase-9 homodimers. But this explanation is not supported by Previous biochemical studies revealed that the CARD domain of Apaf-1 oligomerizes caspase-9 into a multhe structural observation, which shows the unfavorable packing interactions at the homodimeric interface of timeric complex, with a molecular weight of approximately 300 kDa (Shiozaki et al., 2002). This complex was caspase-9 (Renatus et al., 2001 ). In contrast, analyses by analytical ultracentrifugation revealed that caspase-9 thought to represent the strapped-down version of the apoptosome as caspase-9 within this complex exhibited existed as a single species with a molecular weight consistent with that of a monomer (Shiozaki et al., 2003) .
significantly elevated catalytic activity compared to the isolated caspase-9 (Shiozaki et al., 2002). Regardless Based on the proximity-induced dimerization model, the function of the apoptosome is to promote the homoof the catalytic activity, the formation of the 300 kDa complex between Apaf-1 CARD and caspase-9 demondimerization of caspase-9 due to its increased local concentrations (Renatus et al., 2001) . Similarly, the DISC strates that other interactions, in addition to those between their respective CARD domains, must exist beis thought to induce the dimerization and subsequent autoactivation of caspase-8 (Boatright et al., 2003) . tween caspase-9 and Apaf-1. This elusive interaction may play an important role in the activation of caspase-9 These predictions are yet to be confirmed experimentally. Interestingly, the apoptosome has a 7-fold symmewithin the apoptosome. I (upper image) , the high local concentrations of inactive caspase-9 monomers are thought to favor the recruitment of additional inactive monomers, which become activated upon dimerization. In scenario II (lower image), the high local concentrations of inactive caspase-9 monomers within the apoptosome favor the dimerization among each other. Both scenarios rely on the unproven assumption that the catalytic activity of the caspase-9 homodimer is equivalent to that of caspase-9 in the apoptosome. (C and D) In these induced conformation models, caspase-9 undergoes a conformational change upon binding to the apoptosome. This change gives rise to the enhanced catalytic activity. The conformational change can be exerted to caspase-9 in its monomeric form (C) or an oligomeric form (D).
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